ATP synthases, widely distributed in bacteria, eukaryotic mitochondria and chloroplasts, are highly conserved multi-subunit complexes. Although the conserved acidic residue in the transmembrane helix of the c subunit functions in proton transport, the surrounding residues diŠer among species. Such divergence could lead to diŠerent regulatory modes since pH-dependent proton transport has been demonstrated in Escherichia coli with a c subunit carrying an additional acidic residue in the helix. There is further divergence in the number of c subunits that form the ring structure in F 0 . Recently, it was also suggested that certain chemicals recognize the a and c subunits of pathogenic bacterial F 0 . Since there may be structural divergence even in well-conserved ATP synthases, the c subunit-ring as well as the a subunit in F 0 could be targets for drugs for speciˆc bacterial species. 
The amino acid sequences of the c subunits of various ATP synthases are compared. The amino-and carboxyl-terminal transmembrane regions (TM1 and TM2, respectively) are boxed. Bold letters and white bold letters indicate hydrophilic and acidic residues, respectively, in TM1 and TM2. The asterisk shows the position of the conserved acidic residue in TM2. The linker sequence between TM1 and TM2 faces the cytoplasmic, matrix and stroma sides of the bacterial plasma membrane, and the mitochondrial inner and chloroplast thylakoid membranes, respectively. The conserved residues shown by ┗┛ contribute potentially to the F1 binding. The names of the species are abbreviated as follows: Eco Escherichiacoli K12 MG1655, Stm Salmonella typhimurium LT2, S‰ Shigella ‰exneri 301, Hin Haemophilus in‰uenzae (serotype d), Xfa Xylella fastidiosa 9a5c, Vch Vibrio cholerae, Pae Pseudomonas aeruginosa, Lpn Legionella pneumophila Philadelphia 1, Nme Neiseeria meningitides MC58 (serogroup B), Hpy Helicobacter pylori 26695, Rpr Rickettsia prowazekii, Atu Agrobacterium tumefaciens C58 (Uwash/ Dupont), Bsu Bacillus subtilis, PS3 themophilic bacterium PS3 (Bacillus sp. PS3; accession no. LWHWA3), Sau Staphylococcus aureus N315, Lmo Listeria monocytogenes EGD-e, Lla Lactococcus lactis, Spr Streptococcus pneumoniae R6, Smu Streptococcus mutans, Efa Enterococcus faecalis, Cac Clostridium acetobutylicum, Mge Mycoplasma genitalium, Mpn Mycoplasma pneumoniae, Mtu Mycobacterium tuberculosis H37Rv, Cgl Corynebacterium glutamicum ATCC13032 (Kyowa Hakko), Fnu Fusobacterium nucleatum, Lil Leptospira interrogans serovar lai, Syn Synechocystis sp. PCC6803, Tel Thermosynechococcus elongates, Ana Anabaena sp. PCC7120, Ath Arabidopsis thaliana (thale cress) chloroplast, Sol Spinachia oleracea chloroplast (accessionno. P69447), Cte Chlorobium tepidum, Aae Aquifex aeolicus, Tma Thermotoga maritime, Mac Methanosarcina acetivorans, Sce Saccharomyces cerevisiae mitochondrion, Hsp Homosapiens mitochondrion. The sequences with accession nos. cited are from GenBank, and the others were found in reference 8.
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Results are cited from the references and summarized in the table. 24) Inverted membrane vesicles were prepared from E. coli cells expressing a mutant c subunit with other wild-type F 0 F 1 subunits. Such vesicles were used for the H ＋ -uptake experiments. Vertical arrows indicate that ATP-driven H ＋ -uptake that was increased at pH 7.0 compared with that at pH 8 (or pH 7.8), although the other mutants (＋ without an arrow) showed similar uptake under the two pH conditions. The positive growth on succinate as a sole carbon source suggested that the mutant F 0 F 1 has the ability of in vivo ATP synthesis. Arrows indicate the mutations conferring diarylquinoline and me‰oquine resistance for the c subunit of Mycobacterium tuberculosis (Mtu) and Mycobacterium smegmatis (Msm), 25, 28) and Streptococcus pneumoniae (Spr) 27) ATP synthase, respectively. The mutations identiˆed in the a subunit of Streptococcus pneumoniae 27) ATP synthase are also shown. The sequences corresponding to transmembrane helices (TM) are overlined on the Escherichia coli (Eco) sequences with the helix numbers. 29, 30) The substitutions in the E. coli c subunit conferring DCCD (dicyclohexylcarbodiimide) resistance 29, 31) are included. White bold letters indicate the acidic and basic residues in the transmembrane helices. 24) 
